Abstract Cytomegalovirus (CMV) has recently been suggested as a potential risk factor for the development of ectopic pregnancy (EP) following upper genital tract infection in women. However, little is known about its associated underlying pathogenic mechanisms. This was a prospective case-control study that measured the prevalence of CMV infection in Fallopian tubes (FT) bearing an EP and its effects on the tubal expression of interleukin (IL)-6 and its signaling molecules, which are known to play significant roles in the immune response against CMV infection as well as embryo implantation. Fresh FTs from 96 EPs during salpingectomy and another 61 women at the midluteal phase during total abdominal hysterectomy (TAH) were collected to measure the rate of CMV by an IVD CE PCR kit. The participants were then classified to measure the expression of IL-6, its receptor (IL6R) and intracellular mediators (gp-130, STAT3) by immunohistochemistry and quantitative RT-PCR. The results showed significantly higher (P = 0.01) rates of CMV in FTs obtained from EP (22.9 %) compared with controls (8.2 %). IL-6 (P = 0.003), IL6Ra (P = 0.02), gp 130 (P = 0.008) and STAT3 (P = 0.03) were significantly higher in TAH-positive (n = 5) compared with TAHnegative FTs by immunohistochemistry. Furthermore, the expression in the non-infected EP samples was significantly higher for IL-6 (P = 0.004), IL6R (P = 0.007), gp130 (P = 0.006) and STAT3 (P = 0.007) compared with negative TAH. Similar results were observed by quantitative PCR. CMV-positive EP samples showed the highest significant increase of the studied molecules by all techniques. In conclusion, Fallopian tubal infection with CMV is higher in EP and could predispose to embryo implantation by up-regulating the expression of IL-6 and its related molecules as part of tubal innate immune response. Further in vitro and in vivo studies are compulsory to illustrate the roles of IL-6 and CMV in the pathogenesis of EP.
Introduction
A pregnancy implanted outside the intrauterine cavity is known as ectopic pregnancy (EP) and, in the majority of cases (98 %), is located in the ampullary region of the Fallopian tube [40] . EP represents 1-2 % of all pregnancies and causes almost 10 % of all maternal deaths during the first trimester worldwide [18, 22, 24] . In Saudi Arabia, the reported prevalence of EP is 0.5 % and almost 50 % of cases had a history of pelvic inflammatory disease (PID) and/or infertility [2] [3] [4] 31] .
Female upper genital tract infection and the subsequent development of PID are well-established factors that increase the risk of EP by sevenfolds [1, 23, 30] . Controversy still surrounds the exact pathogenic mechanisms that can lead to EP [37, 38] . However, tubal EP has long been attributed to failure of the tubal rhythmic smooth muscle contraction and/or ciliary beat activity thereby leading to an EP. Tubal pregnancy could also develop following failure of the normal biological interactions between intrauterine endometrium, Fallopian tube and embryo due to pathological alterations in the tubal microenvironment resulting in an increase in tubal epithelial receptivity and/or impaired endometrial receptivity [38, 40] .
Infection induced tubal damage is believed to create an aberrant tubal microenvironment characterised by pathological upregulation of several cytokines that may induce tubal receptivity, defective embryo transportation and consequently EP [16, 49] . Cytomegalovirus (CMV) can spread to the upper genital tract, and infection is usually persistent, latent and the majority of cases are asymptomatic [34, 39] . A variety of studies have also reported the detection of the virus by PCR in Fallopian tubes bearing an EP and the prevalence was significantly higher in EP compared with control. Hence, the authors have proposed CMV infection as a potential risk factor for EP [12, 34] . However, none of the previous studies has provided data on possible pathogenic mechanisms by which tubal infection with CMV could lead to EP.
Interleukin (IL)-6 is a plethoric cytokine and plays important roles in the regulation of several cellular biological processes [16] . The cytokine binds to its receptor and later propagates its cellular signals by forming a complex with the glycoprotein (gp)-130 to trigger downstream signalling cascades including the Janus tyrosine kinase (JAK)/signal transducer and activator of transcription (STAT) and extracellular signal-regulated kinase pathways [29] . IL-6 is a well-established potent regulator of the host innate and humoral immune responses and has been shown to be up-regulated during a variety of viral infections including CMV [8, 26, 42] . IL-6 and its signalling molecules are also secreted by the endometrial and tubal cells of several species including human and have been described as major regulators of endometrial receptivity and blastocyst implantation [7, 11, 20] . Furthermore, abnormal expression of IL-6 by the endometrium has been associated with implantation failure, abortion and poor reproductive outcomes [13, 20] . Nevertheless, the available studies on the role of the IL-6 in the pathophysiology of EP are few and the results are conflicting [5, 49] . Additionally, none of the previous studies measured the effect of a tubal infection on the production of IL-6 by Fallopian tubal tissues.
Our research team has previously shown significantly higher rates of CMV by serology and PCR in Fallopian tubes bearing an EP compared with tubal tissues collected from a variety of controls [6, 39] . This study tested the hypothesise that tubal infection with CMV may predispose to tubal damage and EP by modulating the expression of IL-6 and its signalling molecules. The prevalence of CMV in Fallopian tubal specimens collected from EP was measured by an IVD CE singleplex TaqMan PCR kit and the results were compared with those obtained from women at the midluteal phase and who underwent total abdominal hysterectomy (TAH). Furthermore, the patients were grouped according to their CMV PCR results and the expression of IL-6, its receptor, gp130 and STAT3 by the infected tubal tissues was measure by immunohistochemistry and quantitative reverse transcription (RT)-PCR and the results were compared between positive and negative samples for CMV. Understanding the interactions between CMV and IL-6 in the pathogenesis of EP could provide a better tool for the early diagnosis/treatment of EP and/or prevention of the adverse reproductive outcomes associated with upper genital tract infection with CMV.
Materials and methods

Ethical approval
Ethical approval was obtained from the Institutional Review Board and Ethics Committee of the Faculty of Applied Medical Sciences (AMSEC 10-15-9-2011). All tubal samples were collected following obtaining informed written consent from all the study participants.
Study design
This was a prospective case-control study and a total of 157 participants were recruited from 2 Maternity and Children Hospitals in the Western province (Jeddah and Makkah) between January 2012 and February 2016 according to the inclusion and exclusion criteria (Supplementary Table 1 ).
Fresh Fallopian tube samples were collected during salpingectomy from 96 women (33.8 ± 8.1 years; range 26-38 years) who attended the Emergency Department with a period of 6-8 weeks of amenorrhoea, complaints of vaginal bleeding or lower abdominal pain. EP was diagnosed either by transvaginal ultrasound or laparoscopy and salpingectomy was performed on clinical management grounds. The average estimated gestational age calculated from the date of admission minus the date of the last menstrual period was 7.5 ± 1.7 weeks and the average of serum b-human chorionic gonadotropin level was 2686 ± 2349 IU/l.
Another set of 122 Fallopian tubes were obtained from 61 cycling women (mean age 39.3 ± 6.2 years; range 34-42 years) at the midluteal phase and who were undergoing routine TAH for benign disease not affecting the Fallopian tubes. All women had regular menstrual cycles, were of proven fertility with no evidence of tubal disease and were not taking exogenous hormones for at least 3 months prior to surgery. These women had serum progesterone [25 nmol/l and endometrial biopsies were also immediately collected following TAH to histologically confirm the stage of the cycle as previously described [36] . Briefly, the luteal phase was characterised by irregular glands in shape and size and full with secretion, lined by columnar epithelium and the stroma was oedematous with cellular decidualisation.
The study measured the frequency of CMV by TaqMan real-time PCR in all tubal specimens and the results were compared between the EP and TAH groups. The patients were later classified based on their CMV results and the expression of IL-6, its receptor and intracellular mediators by tubal tissues was measured at the gene and protein levels. The results of the candidate molecules were then compared between the positive and negative samples for CMV.
Sampling and processing
Fallopian tubes collected from EP were excised at least 1 cm away from the implantation site and the remaining part was used for routine histological analysis of the EP. The collected tubes from all groups were immediately cut using RNase/DNase-free equipment into small pieces of 1 cm each with one piece from the ampulla being immediately fixed in 10 % buffered formalin for immunohistochemistry and the remaining parts snapfrozen in 10 ml of RNALater solution (Ambion, Warrington, UK) and stored at -80°C until processed for DNA and RNA extraction.
Real-time TaqMan PCR for the detection of CMV in tubal samples
DNA and RNA were extracted from a random piece from the ampullary region of each tubal specimen using AllPrep DNA/RNA Mini Kit (Qiagen, CA, USA) according to the manufacturer's instructions and following homogenisation using a tissue raptor and sterile plastic tubes containing beads (Omni International, GA, USA). The quality and quantity of extracted DNA and RNA were assessed with the BioSpec-nano (Shimadzu Corporation, Tokyo, Japan) and typically had an A260/A280 ratio of 1.7-1.9. Extracted DNA and RNA were stored at -20 and -80°C until used, respectively.
Singleplex TaqMan PCR was done on ABI Ò 7500 platform (Thermo Fisher Scientific, Warrington, UK) using the extracted tubal DNA samples and the IVD CE certified FTD CMV kit (Fast-track diagnostics, Junglinster, Luxembourg) according to the manufacturer's protocol. The detection limit of the kit was 10 3 copies/ml as reported by the manufacturer.
Murine CMV was provided as an internal control within the kit and was added to each Fallopian tubal specimen at the lysis buffer stage of the extraction process. Successful amplification of the internal control confirmed that the isolation of nucleic acid was successful and excluded the presence of PCR inhibitors. Furthermore, human genomic DNA was also detected by conventional PCR using primers specific for the human b-globin gene (PCO3 and PCO6) to also ensure the absence of PCR inhibitors as previously described [37] .
Each well of the PCR reactions contained 12.5 ll mastermix, 1 ll enzyme, 1.5 ll of primers and 10 ll DNA. The amplification was performed as instructed by the manufacturer. The validation of the results was performed according to the manufacturer's guidelines and by using the provided positive and negative controls within the kit as previously described [6] .
Immunohistochemistry
Primary polyclonal rabbit IgG antibodies for the detection of all molecules were obtained from Santa-Cruz Biotechnology Inc. (Burlingame, CA). An avidin-biotin horseradish peroxidase technique was applied to localise the molecules of interest using ImmunoCruz TM Rabbit LSAB Staining System (Santa-Cruz Biotechnology Inc.) and by following the manufacturer's protocol. The concentration was 1:200 for the IL-6 and gp130 antibodies while a concentration of 1:150 was used for IL6Ra and STAT3. The negative control slides consisted of a section of the tissue block being studied, which was treated identically to all other slides, with the exception that the primary antibodies were omitted to control for non-specific binding of the detection system. The sections were observed on an EVOS XL Core microscope (Thermo Fisher Scientific) at magnifications of 1009, 2009 and 4009 to evaluate and score the immunostain. Each section was examined by two observers who were blind to the source of tissue and the intensity of staining was assessed in 5 random fields of each section at 2009 magnification and by using 'H score' which was calculated as follow [33, 41] : H score = RP i 9 (i 9 ?1), where i 9 represents the intensity of staining (0 = negative; 1 = weak; 2 = moderate and 3 = strong) and P i 9 is the percentage of cells (0-100 %) stained at each intensity. In the case of a wide disagreement between both observers, the slides were reanalysed by a third independent reviewer. The final results were calculated by averaging the individual observer readings.
Quantitative RT-PCR for gene expression
Synthesis of cDNA was done by transcribing 200 ng of total RNA using a high capacity RNA-to-cDNA Reverse Transcription Kit (Thermo Fisher Scientific) according the manufacturer's protocol. PCR reactions were carried out in triplicate wells on ABI Ò 7500 system and power SYBR Green master mix (Thermo Fisher Scientific). The PCR reaction for each well included 10 ll SYBR Green, 7 ll DNase/RNase free water, 1 ll of each primer (5 pmol) and 1 ll cDNA (25 ng). The amplification was performed under the following conditions: 40 cycles (95°C/15 s and 60°C/1 min). Two negative controls were included, one with minus-reverse transcription (minus-RT) control from the previous reverse transcription step and a minus-template PCR, which contained all the PCR components but water was used as a template.
The 2 -DDCt method was used to perform relative quantitative gene expression of human IL-6, IL6Ra, gp130 and STAT3 target genes. Human 18S gene was used as a reference gene and the Ct values of the genes of interest were normalised against that of the 18S. The results are expressed as fold-change compared with the control group. The nucleotides primer sequences of all genes are listed in supplementary Table 2 including gene accession numbers.
Statistical analysis
Statistical analysis of the results was computed on SPSS version 16. Cross-tabulation followed by Chi square (v 2 ) test were used for frequency analysis as appropriate, and a crude odds ratio (COR) with 95 % confidence interval (CI) was calculated. One way ANOVA followed by Tukey post hoc test or Kruskal-Wallis followed by Dunn's post hoc test were used to compare between the different groups in the expression of IL-6, its receptor, gp130 and STAT3 proteins and mRNAs depending on the data homogeneity. P value \0.05 was considered significant.
Results
Rates of Fallopian tubal CMV infection in the study groups
Signals were detected in all wells that included the enclosed positive controls in the kit and positive signals were also observed for the human b-globin gene in all extracted samples by conventional PCR (data not shown). Furthermore, no signal was observed with the negative controls, reassuring the observed results of this study.
CMV DNA was detected in tubal samples collected from the case and control groups by the TaqMan PCR assay and the overall prevalence in the 157 study participants was 15.3 % (n = 27). There were 22 (22.9 %) EP positive cases and the prevalence was significantly higher (P = 0.01) than controls (n = 5; 8.2 %). Tubal infection with CMV was also associated with 3 times greater risk of developing EP (COR 3.3; CI 1.18-9.33; P = 0.01).
To measure the effects of CMV tubal infection on the expression of the candidate cytokine and its related molecules proteins and mRNA, the women were categorised into 4 groups according to their PCR results of CMV as follow: 55 cases of TAH at the midluteal phase and who were negative for CMV by PCR (negative control; NC), 5 TAH cases positive for CMV as positive control (PC), 74 cases of EP and negative for CMV (N-EP) and 22 cases of EP and who were CMV positive (CMV-EP).
There was a significant difference in the participants' age of N-EP (34.5 ± 3.1 years) and CMV-EP (33.8 ± 5.2) compared with NC (38.7 ± 4.1 years; P = 0.04 and P = 0.03, respectively) and PC (39.3 ± 4.3 years; P = 0.03 and P = 0.02, respectively) groups. However, no significant difference (P [ 0.05) was found between CMV positive and negative subgroups within the TAH and EP groups. Furthermore, no significant difference was detected in the gestational age (7.4 ± 1.3 vs. 7.5 ± 1.6 weeks; P = 0.9) and serum hCG concentrations (2725 ± 1839 vs. 2974 ± 1911 IU/ml; P = 0.8) between CMV negative and CMV positive EP subgroups.
Protein expression of IL-6 and its related molecules according to CMV infection
Overall, IL-6 was localised in all Fallopian tubal sections from the 4 groups by immunohistochemistry and the immunostain was mainly observed in the cytoplasm of all tubal epithelial cells and to a lesser extend in tubal stroma and around the blood vessels ( Fig. 1; left column) . Immunolocalisation of IL6Ra ( Fig. 1 ; right column) was mainly detected in the apical area of ciliated epithelial cells and also showed very weak localisation in the stromal layer.
The average of immunostain of IL-6 (P = 0.003) and IL-6Ra (P = 0.02), was significantly higher in the infected TAH group compared with those negative samples from the same group (Table 1) . The H scores of IL-6 (324.3 ± 37.6; P = 0.0002) and its receptor (285.3 ± 62.8; P = 0.007) were also significantly higher in the EP group, regardless of CMV infection, compared with control (201.3 ± 33.1 and 134.4 ± 22.7, respectively). By further analysis, there was also a significant difference between CMV positive EP samples compared with those EP negative for CMV in IL-6 (P = 0.004) and IL6Ra (P = 0.03) ( Table 1) . Interestingly, the CMV-EP group showed a stronger expression of IL6R in the stroma (Fig. 1h ) compared with the other groups. The immunolocalisation of both intracellular mediators of the IL-6 was detected in all samples and both exhibited different patterns of expression between the different study groups. In all studied tissue specimens, gp130 expression ( Fig. 2 ; left column) was localised in the majority of tubal epithelial, while the expression of STAT3 ( Fig. 2 ; right column) showed nuclear and occasionally cytoplasmic localisation of tubal epithelial cells with also scattered stromal staining.
In general, the expression of gp 130 (254.5 ± 47.1; P = 0.02 9 10 -4 ) and STAT3 (212.3 ± 53.1; P = 0.002) was significantly higher in the EP compared with control (132.8 ± 47.3 and 103.9 ± 27.3, respectively). Additionally, a significant difference in the H scores of gp 130 (P = 0.005) and STAT3 (P = 0.007) was detected between positive and negative CMV samples collected either from TAH or EP. A larger number of nuclear staining of tubal epithelial cells was also observed for the STAT3 in the CMV-EP (Fig. 2k ) compared with the other groups.
Gene expression of IL-6 and its signalling molecules according to CMV infection
The results of mRNA expression were normalised against that of 18S and expressed as fold-change compared with the CMV negative midluteal phase samples using the 2 -DDCt method. The relative expression of the mRNAs of IL-6 (P = 0.004), IL6RA (P = 0.006), gp 130 (P = 0.007) and STAT3 (P = 0.0002) was significantly higher in the CMV positive TAH samples compared with negative samples (Fig. 3) . Furthermore, a significant increase in the expression of IL-6 (P = 0.003), its receptor (P = 0.0001), gp 130 (P = 0.002) and STAT3 (0.0006) mRNAs was also detected in the CMV positive EP group compared with CMV negative EP (Fig. 3) . The mRNA expression patterns of all target genes were consistent with the protein results obtained from immunohistochemistry.
Discussion
This study measured the prevalence of CMV infection by TaqMan PCR in Fallopian tube specimens collected from EP and the results were compared with those obtained from TAH at the midluteal phase of the menstrual cycle. The expression of IL-6, its receptor and intracellular mediators by the Fallopian tubal tissues was then measured in the EP and midluteal phase participants and the results were compared between positive and negative samples for CMV within each group from EP and TAH as well as between both groups.
The rate of detecting CMV by PCR in the present study was significantly higher in EP compared with control and was associated with threefolds increase in the risk of developing EP. These observations provide further support to the notion that CMV infection could colonise in the upper genital tract and may represent a risk factor for tubal damage and subsequently the development of EP [6, 12, 34, 39] .
Additionally, this is the first study to report a significant increase in the expression of IL-6 and its signalling mediators at the mRNA and protein levels within human Fallopian tubes with or without EP and that were positive for CMV by PCR. Furthermore, there was a significant increase in the expression of the candidate cytokine and its signalling molecules between EP and control samples regardless of CMV infection. These findings suggest that IL-6 and its related molecules are involved in the cellular immune response against CMV infection of Fallopian tube and the aberrant increase in their production by the tube may contribute to viral induced tubal damage resulting in abnormal tubal peristalsis, promotion of tubal receptivity and development of EP.
Human CMV is able to infect a variety of cell types in human and the initiation of primary infection and viral replication usually occurs in the mucosal epithelium in immunocompetent hosts [25, 44] . Several studies have detected CMV in immunocompetent women diagnosed with PID, infertility and EP. An early study conducted among 245 women has shown that among CMV positive cases (n = 36) there was a higher risk (OR 4.7; 95 % CI 1-21.8) of acquiring other sexually transmitted pathogens (e.g. N. gonorrhoea, C. trachomatis). Furthermore, signs of upper genital tract infection in those women infected with CMV were present in 8 % of cases [10] . CMV was also detected by culture in 23 endometrial samples (17.6 %) of 131 women and from 5 (22.7 %) ovary/Fallopian tube specimens of another 22 women with PID [9] . Similar results have also been reported by a later study that included 63 women with tubo-peritoneal infertility and monoinfection with CMV was detected by PCR in the collected upper genital tract specimens from 28.6 % of the patients [28] . The association between CMV infection and the development of EP was originally suggested based on the serological findings of several studies. Among several sexually transmitted pathogens, IgG antibodies against CMV were significantly more prevalent among patients with EP (88 %) than control (72 %) [47] . A later report has also demonstrated that IgM antibodies against CMV were detected in 15 % (n = 14) of women with EP compared with a single case (2 %) in the control group. The researchers also detected the virus by PCR in 19 % and 5 % of tubal specimens collected from the EP and control groups, respectively [21] . Similar results have also been observed by another research group and CMV was detected in tubal tissues by PCR in 19.5 % (n = 25) of EP cases and 4 % (n = 2) in the control group [12] . Another report has also detected 3 different human CMV genotypes in 39.2 % (n = 49) among 125 women diagnosed with EP, but there was no significant difference in the rate of the studied genotypes [34] . More recently, our research group has demonstrated a significant increase in CMV in tubal specimens obtained from EP by PCR compared with a variety of control groups [6] .
This report is in agreement and support the previous observations. Nevertheless, we did not measure the rate of other potential pathogens that could also result in tubal pathology and EP. Furthermore, the present study does not provide evidence on the nature of the detected viral infection in our study population and whether it was primary or due to viral re-activation as we did not perform serological studies to measure the rates of IgM and IgG antibodies against CMV. Hence, more studies with larger numbers of patients diagnosed with PID, tubal infertility and/or EP are still needed to measure the prevalence of single/co-infections with CMV and other possible sexually Human CMV infection is persistent and the virus is capable of escaping the host immune system by several mechanisms including alteration in the expression of immune signalling molecules and interferon response genes [8, 15] . IL-6 is a potent inducer of acute phase response during infection and inflammation and, is also a major regulator of acquired immunity against several pathogens by regulating the production of other cytokines, antibodies by B lymphocytes and its levels are elevated during chronic inflammation [29, 43] . The levels of IL-6 have also been shown to increase during the replication of human CMV in vitro during episodes of inflammation or rejection [15, 19] . Infection with human CMV has also been shown to up-regulate the mRNA expression of IL-6 in the absence of de novo expression of viral genes [8, 15, 50] . Interestingly, recent in vitro studies also suggest that elevated levels of IL-6 may contribute in the reactivation of human CMV [17, 35, 42] .
Our results correlate with the aforementioned reports since they demonstrated a significant increase in the expression of mRNAs and proteins of IL-6 and its receptor in tubal samples collected from EP and TAH that were positive for CMV compared with those tissues collected from both groups but were negative for the virus. However, The associations between CMV and elevated levels of tubal IL-6 appear to be complex, as one of them could be simultaneously a cause and the other a consequence [42] . Our data suggest that the observed increase in tubal IL-6 and its signalling molecules could be part of the tubal cellular response to CMV infection. Alternatively, the initiation of embryo implantation and/or the presence of other microbes (e.g. C. trachomatis) within the tube could have induced up-regulation in tubal IL-6 and its receptor, which may subsequently resulted in viral re-activation [17, 35] . Hence, further in vivo and in vitro studies are compulsory to explore the interactions between tubal CMV infection and the expression of IL-6 system by the tubal cells.
Although the physiological functions of the IL-6 in endometrial receptivity and embryo implantation have been massively studied, the available data on their role(s) in the pathophysiology of EP is very limited and the results are controversial. IL-6 and its signalling molecules are all synthesised by the human Fallopian tube [14, 45, 48] . IL-6, which inhibits tubal ciliary beats in vitro [32] , has been also shown by immunohistochemistry only with an increase in tubal samples collected from EP and the highest expression was detected in tissues adjacent to the implantation site [5] . However, the authors failed to detect significant alterations in the protein expression of IL6Ra receptor. In contrast, a later study that only measured the mRNA, but not protein, expression of IL-6 receptor and gp 130 in tissues collected from tubal gestation documented a significant increase in the receptor as well as a significant decrease in the gp 130 mRNAs [49] .
To the best of our knowledge, this is the first report to simultaneously measure the expression of IL-6 and its signalling components at the protein and gene levels in samples obtained from tubal pregnancy and to correlate the results with tubal CMV infection. Herein, all the studied molecules from the IL-6 showed a significant increase in CMV positive samples compared with their counterpart negative tissues within each group. Furthermore, a significant increase in the expression of the cytokine and its related molecules was detected in the EP group by immunohistochemistry and quantitative RT-PCR.
Remarkably, the observed increase in the expression of the intracellular mediators of IL-6, gp 130 and STAT3, further suggest the propagation of the signals into the target cells. However, the disagreement in the gp 130 mRNA results between Yousefian et al. [49] and the present study could be related to their amplicon size (326 bp). Their target size is twice the recommended for quantitative PCR experiments (80-150 bp) and 4 times larger than ours (93 bp), and thus it could have interfered with their PCR efficiency [27, 46] . An alternative explanation for the observed conflicting results generated from the older studies could be related to the role of IL-6 in the regulation of cellular immune responses.
Although PID and/or a history of sexually transmitted infection are major risk factors for EP [37, 40] , none of the earlier studies correlated their findings with possible tubal infection [5, 49] . The present study measured the prevalence of tubal infection with CMV and a significant increase in the frequency of positive cases by PCR was observed in specimens obtained from EP (22.9 %) compared with control (8.2 %) and it was associated with 3 times greater risk of developing EP. Our findings run in parallel with the notion that upper reproductive tract infection with human CMV may result in negative impacts on female reproduction and adverse reproductive sequelae that include tubal damage and development of EP [6, 12, 34] .
In conclusion, IL-6 and its related molecules seem to play a role in the pathogenesis of EP and their up-regulation in human Fallopian tube could promote tubal receptivity and embryo implantation. The observed aberrant increase in the tubal production of this cytokine and its signal proteins could also be a part of the tubal immune response against CMV infection, which appears to represent a risk factor for EP. Further in vitro and in vivo studies are compulsory to illustrate the roles of IL-6 family and CMV in the pathogenesis of EP.
